Abstract. We present proper motion measurements of pre-main sequence (PMS) stars associated with major star-forming regions of the southern hemisphere (Chamaeleon, Lupus, Upper Scorpius -Ophiuchus, Corona Australis), situated in the galactic longitude range l = 290
Introduction
Analysis of the motion of pre-main sequence (PMS) stars and of related groups of young stars provide essential tests of star formation models. Different space velocities and velocity gradients of the stellar associations can be derived from the major star formation scenarios, like sequential star formation, star formation by high-velocity clouds, Send offprint requests to: teixeira@orion.iagusp.usp.br ⋆ Based on observations made at Valinhos CCD Meridian Circle. Based on measurements made with MAMA automatic measuring machine ⋆⋆ Table 4 will be only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html Gould's Belt models, etc. Proper motion measurements of the members of these associations provide one way to discriminate among these predictions. The PMS stars are supposed to be sufficiently young to be very close to their birthplaces and to have velocities still very similar to the initial ones, so that one can get clear constraints on the birth mechanism.
In this work, we investigated the PMS stars of an extended region of aligned molecular clouds and OB associations that includes the Chamaeleon, Lupus, Upper Scorpius -Ophiuchus and Corona Australis regions. This selected area is specially interesting because the associations are close enough to the Sun (100-150 pc), so that a refined kinematical study can be made.
The HIPPARCOS mission (ESA 1997) provided accurate measurements of positions, parallaxes and proper motions, for OB stars brighter than V=10 mag, allowing to study the kinematics of the same regions (de Zeeuw et al. 1999) . Proper motions of PMS stars associated with these star-forming complexes, based on HIPPARCOS data, were recently obtained (Frink et al. 1998 , Neuhäuser & Brandner 1998 , Wichmann et al. 1998 , Bertout et al. 1999 , providing a first comparison of space velocities of different groups of stars. However, since most PMS stars are fainter than the limiting magnitude of HIPPARCOS, the total number of measured PMS stars is still small.
In this work, we present proper motion determination for 213 PMS stars as faint as V∼16 mag lying in the galactic longitude range l = 290
• to l = 360
• . In the following sections, we present the method used to derive proper motions based on different combinations of first and second epoch measurements, we discuss the quality of our results and present a first analysis of this large sample of proper motions obtained for the PMS stars.
Data
For this work, we collected a list of well known and candidate T Tauri and Herbig Ae/Be (hereinafter HAeBe) stars as exhaustive as possible for the studied regions in the lit-erature (Alcalá 1994; Alcalá et al. 1995; Bertout et al. 1999; Brandner et al. 1996; Casanova et al. 1995; Feigelson & Kriss 1989; Feigelson et al. 1993; Gauvin & Strom 1992; Gregorio-Hetem et al. 1992; Hartigan 1993; Herbig & Bell 1988; Krautter et al. 1997; Malfait et al. 1998; Marraco & Rydgren 1981; Martín et al. 1998 , Preibisch et al. 1998 Schwartz 1977; Thé et al. 1994; Torres et al. 1995; van den Ancker et al. 1997; van den Ancker et al. 1998; Walter et al. 1997; Wichmann et al. 1997; Wilking et al. 1992) . With these data, we constructed an input catalogue containing about 680 stars with their approximate positions and magnitudes. In this set of stars, we could identify and measure proper motions of 213 PMS stars as faint as V∼16 mag. We also present, separately, measurements for 29 stars that were previously considered as PMS, but subsequently classified differently by Covino et al. (1997) and Wichmann et al. (1999) , who did not confirm their PMS nature. These authors obtained high resolution spectra, and compared the Li line equivalent widths to those of the Pleiades stars, considered by them as a frontier between PMS and non-PMS stars.
The proper motions were obtained from the comparison between several sources including current epoch CCD meridian observations performed at Valinhos Observatory (Viateau et al. 1999 ) and old SERC-J Schmidt plates measured with MAMA automatic measuring machine (Guibert et al. 1984) . These data were combined with published positions extracted from the following catalogues: AC2000 (Urban et al. 1998a), USNO-A2.0 (Monet 1998), HIPPARCOS and Tycho (ESA 1997) . One star had its proper motion obtained from a combination of CCD meridian observation and a Digitized Sky Survey 1 (DSS) image.
CCD meridian observations
The most recent observations used here were obtained with the Valinhos CCD meridian circle (Dominici et al. 1999 (Dominici et al. ) in 1998 (Dominici et al. and 1999 . This instrument is installed in Valinhos at the Abrahão de Moraes Observatory (Latitude −23
• 00 ′ 06 ′′ , Longitude +46
• 58 ′ 03 ′′ ) which belongs to the São Paulo University -Brazil.
The CCD detector has 512x512 square pixels of 19µm ( 1 pixel = 1.5
′′ square) and works in drift scan mode. In this mode, the telescope is fixed and the electric charges are moved along the columns of the CCD with the same velocity as the transit, which depends on the declination. For δ = 0
• the integration time interval is 51 seconds. The observed field has therefore an arbitrary length in right ascension (typically one hour) and is 13 ′ wide in declination. The magnitude limit is about V=16.0 mag. The astrometric and photometric observational precisions depend on the magnitude and in the best interval (9.0 <V< 14.0) are, respectively, approximately 0.050 ′′ in both coordinates and 0.05 magnitudes. At the detection limit, positional measurements are less accurate and the mean square error may reach 0.100 ′′ . Observations are carried out with a filter CG495+BG38 (bandpass from 5200 to 6800Å), which is wider than Johnson filter. Notwithstanding, the resulting magnitudes are close to the visual standard magnitude system (Dominici et al. 1999) . The final positions are obtained by a global reduction procedure (BenevidesSoares & Teixeira 1992; Teixeira et al. 1992 ) using the ACT (Urban et al. 1998b) as the reference catalogue. The data treatment is made by means of a software package developed and maintained by J.F. Le Campion (Bordeaux Observatory).
In this work, we observed seven strips in the Chamaeleon, Lupus and Upper Scorpius -Ophiuchus regions containing many PMS stars identified in the literature. The length in R.A. of the fields presented in Table  1 was defined to ensure a minimum of 20 reference stars in each strip, necessary for an accurate astrometric reduction, and their coordinates were defined to have the largest number of PMS stars. In this table, we also present the central declination and the number of observations of each strip.
Each star considered here was observed at least three times. 
Schmidt plate material
Thirteen SERC-J 6.5
• × 6.5
• Schmidt plates have been digitized at the MAMA measuring machine (Guibert et al. 1984) , which provides at the present time the most accurate measurements (repeatability of 0.4µm). For each plate, a catalogue of (x,y), flux and area has been produced for about 1 000 000 objects detected.
Each plate was then astrometrically reduced from (x, y) to (α, δ) with reference stars from the ACT catalogue (Urban et al. 1998b). The mean residual of these reductions was about 0.25 ′′ in both coordinates. We give The Schmidt plates and Valinhos strips distribution in the studied region of the sky are given in Fig. 1 , along with the searched PMS stars from our input catalogue.
Other data
For a good determination of proper motions, observations from well separate epochs are needed. Unfortunately, the catalogue with the oldest mean epoch (AC2000, Urban et al. 1998a) , gives positions for stars essentially brighter than V=12 mag. We included these positions in our calculations, when available. For fainter stars (V>12), proper motions have been determined over a shorter time interval and so with a degraded precision. One of these stars, Sz 108, although observed at the Valinhos observatory, could not be found in the other catalogues. Its position was determined from the DSS (plate identification: 02F8, region: S330), using the IRAF software packages.
We also included many other available astrometric data as from USNO-A2.0 Catalogue (Monet 1998), Tycho and HIPPARCOS positions (ESA 1997) to better constrain the proper motion determination and to provide a larger number of proper motions.
Proper motion determination
From our initial sample of about 680 stars, we could measure accurate proper motions for 242 of them. These stars have magnitudes within the range 6<V<16. Proper motions have been determined only when the time basis was longer than 20 years. In most cases this time basis was longer than 50 years, reaching in some individual cases st column, A = AC2000, D = DSS, E = SERC-J, H = HIPPARCOS, T = Tycho, U = USNO-A2.0, V = Valinhos. more than 100 years. About 30 proper motions were determined with a time basis shorter than 50 years. The mean time basis was 80 years.
For the remaining stars, the main reasons of their absence in our final catalogue are that either their magnitudes laid outside the magnitude range covered by our data sources or the request of a time basis longer than 20 years was not fulfilled.
The proper motion calculation was performed in the usual way, via a weighted least squares method (Eqs. 1 to 5). , and t i is the epoch of the position for a given star i. The same calculation holds for the declination.
We have assumed the following precisions for the various data : σ = 0.25 ′′ for AC2000, USNO-A2.0 and SERC-J positions, σ = 0.001 ′′ for HIPPARCOS, σ = 0.030 ′′ for Tycho and σ = 0.050 ′′ for Valinhos positions. We present the precision of the derived proper motions with various material in Table 3 , where ∆t is the mean time basis for the groups of sources given in column one, and N stands for the number of stars whose proper motions were obtained from the combination of these sources.
We give in Tables 4 and 5 the derived mean positions and proper motions for the 213 PMS stars. In these tables, the objects were separated in T Tauri stars (Table 4) and HAeBe stars (Table 5) . Table 6 lists the 29 non-PMS ROSAT stars in Chamaeleon and Lupus (see section 2). In addition, a traditional separation by region was adopted.
In the second column of these tables, magnitudes are taken preferably from Tycho catalogue (V T ). For the Valinhos non-Tycho stars, Valinhos visual magnitudes are used. Otherwise, magnitudes are taken from the literature, as indicated by the references (column 3) explicited at the end of Table 6 . For stars RX J1621.4-2332ab and RX J25.3-2402 we give the B magnitude from the AC2000. Magnitudes taken from reference [10] are also B magnitudes.
Out of the 213 PMS stars studied here, 101 had no previous determination of proper motion, as far as the consulted literature is concerned, 81 of them had known proper motions from the ACT and 41 from HIPPARCOS. In the last column of Tables 4, 5 A comparison of the obtained proper motions with HIPPARCOS ones is presented in Fig. 2 . We can notice the good agreement between both sets of data. The mean dispersion of the differences is 6 mas/yr, which is the best estimate of the external errors of our catalogue, concerning the bright PMS stars. For the fainter stars, no catalogues for comparison were found available.
We also compared our proper motions to the ACT ones in order to evaluate the importance of the addition of SERC-J plates and meridian observations to the material used by ACT. The mean dispersion of differences is 3 mas/yr. One should stress that the depicted comparison with HIPPARCOS and ACT is not completely independent, but is useful for a first estimation of the coherence of our results.
Discussion
We present in Fig. 3 a general view of the spatial distribution and proper motions in galactic coordinates of the measured PMS stars, and in Figs. 4, 5, 6 and 7 -upper panels -zooms of the 4 main star-forming regions studied in this work. In all these regions, a dominant orientation of the proper motions towards smaller longitudes can be observed. This is in large part the effect of the reflex solar motion, as can be seen in the µ b versus µ l cosb graphs of the same regions (Figs. 4, 5, 6 and 7 -lower panels). Since the effect of solar motion on the star proper motion depends on the distance of the stars, and the distances of PMS stars are usually poorly known, we present in these figures the reflex solar motion as a function of distance, from 50 to 200 pc. We assumed the basic solar motion, with components U = 9 km/s (directed towards the galactic center), V = 11 km/s, W = 6 km/s. The reflex solar motion depends also on the direction of the stars, and since some of the regions studied here have sizes of several degrees, we present it for two extreme directions in each field (except for Corona Australis, which is a small field).
In all groups, a number of stars are found to have proper motions that lie well outside the average distribution. Notice that some of these stars that can be seen in the (l, b) maps (for Upper Sco, Chamaeleon and Corona Australis) are absent from the (µ l cos(b), µ b ) graphs, due to the scale that we adopted. We consider that these stars have a large probability of being recently formed runaway stars and a possible explanation for them is the disruption of multiple systems. We cannot exclude the possibility of errors, like a wrong identification during the proper motion determination process; however, note that some of the stars with anomalous proper motions are bright and were found in several sources (eg. HD 137727, HD 140637), which reduces the probability of an erroneous identification.
Disregarding the runaway stars, the groups of PMS stars present proper motion dispersions of the order of 10 mas/yr typically. This means that in a period of about one million years, the stars would move apart several degrees in the sky, and would look very dispersed. We must bear in mind, however, that part of this apparent dispersion may not be intrinsic, but due to the fact that the sun is approaching the group. For instance, most of the PMS stars of Upper Scorpius present negative radial velocities, while most of the stars in Chamaeleon present positive radial ones (e.g. Gregorio-Hetem et al. 1992; Torres et al. 1995; Covino et al. 1997) .
Let us now comment on the average proper motion of the stellar groups. We already noticed that the aver- age values are largely explained by the reflex solar motion. However, they are not entirely due to this effect or, in other words, intrinsic average proper motion of the groups are detected. For instance, in the case of Lupus (our largest sample, Fig. 5 ), the center of mass of the points in the (µ l cos(b), µ b ) graph is about (−30,−9), which suggests mean distance of about 85 pc, if we consider only the reflex solar motion. However, the average distance of 14 stars of this group that have parallaxes from HIPPARCOS is 138 pc. This suggests that the Lupus PMS stars have a mean intrinsic proper motion in the longitude direction of about µ l cos(b) = −10 mas/yr. Among these, only HD97300 has parallax measured by HIPPARCOS (187 pc). Finally, we remark that in the studied regions, no systematic differences between the proper motions of T Tauri stars and HAeBe stars can be observed. Our results favour the PMS nature of the candidates HAeBe stars included in our list.
A deeper analysis of the proper motion of the groups of PMS stars, in connection with the ages of the subgroups, will be presented in a separate paper, where our results are compared with the models proposed in the literature for the mechanisms that might have triggered the star formation. See references in Table 6 . 
